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ABSTRACT
We investigate the global neutral hydrogen (H I) content of isolated galaxies selected from the SDSS
spectroscopic survey with optical evidence of Active Galactic Nuclei (AGN). Our sample includes
galaxies with unresolved H I observations from the ALFALFA 70% data release combined with deeper
H I observations of low-mass galaxies with 7.0 < log M∗/M < 9.5. We examine the H I masses of this
sample using the distance from the star-forming sequence on the [O III]/Hβ and [N II]/Hα Baldwin
Phillips Terlevich (BPT) diagram as a measurement of AGN activity. In agreement with previous
studies, we find that, for galaxies with log M∗/M > 9.5, AGN activity does not correlate with the
global H I content. However, for galaxies with 9.2 < log M∗/M < 9.5, we identify a set of objects
at large distances from the BPT star-forming sequence and lower than expected H I masses. This
gas-depleted sample is red in both g-r and NUV-r colors and compact without distinguishable signs
of star formation. This is surprising because the vast majority of isolated galaxies in this stellar mass
regime are both star-forming and gas-rich. These galaxies are greater than 1.5 Mpc from any massive
galaxy, ruling out environmental processes as a source of the gas-depletion. We suggest that either
black hole feedback or shocks from extremely bursty star formation cause the emission lines and have
destroyed or otherwise consumed the cold gas.
Subject headings: galaxies: active galaxies: evolution galaxies: nuclei radio lines: galaxies –galaxies:
dwarf
1. INTRODUCTION
Feedback from active galactic nuclei (AGN) is often in-
voked as a mechanism to regulate galaxy evolution (e.g.,
Silk & Rees 1998; Fabian 1999; Granato et al. 2001, 2004;
Di Matteo et al. 2005; Dashyan et al. 2018). AGN feed-
back, either alone or together with feedback from star
formation, can have profound effects on galaxy evolution
by heating, ionizing and expelling gas from the interstel-
lar medium (ISM). However, important aspects of AGN
feedback physics are poorly constrained and simulations
are often tuned to reproduce observations and galaxy
scaling relations (e.g., Bower et al. 2006; Somerville et al.
2008; Gabor et al. 2011; DeBuhr et al. 2011; Schaye et al.
2014; Genel et al. 2014).
Studies of the H I content of active galaxies consistently
produce results that AGN activity is not directly corre-
lated with the global H I gas mass of galaxies (e.g., Ho
et al. 2008; Fabello et al. 2011; Zhu & Wu 2015). For ex-
ample, Gere´b et al. (2015) find no relation between AGN
[O III] luminosity and the global H I content of massive
galaxies, even when the AGN are split by red sequence
and green valley. However, Lemonias et al. (2014) find
that high-mass galaxies with the largest gas fractions and
the lowest H I surface densities (and therefore the lowest
star formation rate surface densities) are also likely to
have signatures of AGN emission and large bulges. While
AGN may affect cold gas locally, the above studies sup-
port the conclusion that AGN activity is not entirely
responsible for the global H I gas regulation in massive
galaxies.
Recent studies have uncovered a large sample of low-
4 NSF Graduate Research Fellow
mass galaxies with log M∗/M < 9.5 showing signatures
of accreting black holes (e.g., Reines et al. 2013; Sartori
et al. 2015; Reines & Comastri 2016). Low-mass galaxies
offer an opportunity to examine AGN feedback processes
in galaxies with shallower gravitational potential wells,
where feedback processes may have a more profound ef-
fect on the global ISM than in high-mass galaxies. How-
ever, low-mass galaxies are strongly affected by environ-
mental processes (e.g., Geha et al. 2012). To clearly ex-
amine the properties of galaxies with evidence of AGN,
we study isolated galaxies where the effects of environ-
ment are minimized.
Bradford et al. (2015, Paper I) showed that isolated
galaxies with log M∗/M < 9.5 cannot completely de-
stroy their own cold gas reservoirs. Galaxies with 9.0 <
log M∗/M < 9.5 have gas fractions greater than 20%
and galaxies with log M∗/M < 9.0 have gas fractions
greater than 30%. However, flux-limited surveys of H I
emission are, by definition, biased towards gas-rich galax-
ies and may not contain low-mass galaxies that have been
significantly depleted of their H I gas due to feedback pro-
cesses (Koribalski et al. 2004; Giovanelli et al. 2005).
In this paper, we ask whether the presence of an AGN
significantly affects the global H I content of low mass
galaxies (log M∗/M < 9.5). We compliment the H I ob-
servations from Paper I and data from the ALFALFA
H I survey with new, deeper H I observations of low-mass
galaxies with evidence of AGN activity. In § 2, we present
the galaxy catalog, emission line diagnostic data, H I ob-
servations, and catalog statistics. We measure a new
MH I versus M∗ relation for all isolated ALFALFA galax-
ies and explore emission line diagnostics by measuring
the perpendicular distance from the star forming region
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2in [O III]/Hβ and [N II]/Hα space. In § 3, we examine
in detail the H I gas masses of isolated, low-mass galax-
ies with evidence of gas-depletion due to AGN activity
and compare these galaxies to a gas-normal sample with
similar positions on the [O III]/Hβ and [N II]/Hα BPT
diagram. We examine these populations and compare
them to the rest of the isolated sample. In § 4, we dis-
cuss our results and posit what may cause the emission
line ratios and gas-depletion in this gas-depleted sample.
In this work, we adopt the following cosmological param-
eters: Ω0 = 0.3, ΩΛ = 0.7, H0 = 70 km s
−1 (i.e., h =
0.7).
2. DATA AND METHODS
2.1. Galaxy Catalog and Environment Definitions
We select galaxies from version 0.1.2 of the NASA
Sloan Atlas (NSA) catalog 2 (Blanton et al. 2011). The
NSA catalog is based on the Sloan Digital Sky Survey
DR8 (SDSS) (Aihara et al. 2011). Stellar masses are
generated from the Blanton & Roweis (2007) kcorrect
software and are calculated using a Chabrier (2003) IMF.
We assume a 0.2 dex uncertainty in M∗. We restrict our
galaxy sample to the NSA redshift between 0.002 and
0.055 and we apply several quality cuts as detailed in
Paper I. These cuts ensure accurate photometry, spec-
troscopy and heliocentric distance measurements.
Isolated galaxies have various definitions (Haynes &
Giovanelli 1984; Karachentsev et al. 2011; Brough et al.
2013; Hirschmann et al. 2013). Geha et al. (2012)
find that low-mass galaxies with log M∗/M < 9.0 lo-
cated at least 1.5 Mpc from a massive galaxy are al-
ways star-forming and isolated quenched galaxies with
9.0 < log M∗/M < 9.5 are extremely rare. We adopt
this empirically motivated isolation criterion for low-
mass galaxies. Isolated low-mass galaxies are there-
fore defined as log M∗/M < 9.5 with projected dis-
tances to a massive host (logM∗/M > 10) greater than
1.5 Mpc. Isolated high-mass galaxies are defined as in
Paper I with log M∗/M > 9.5, a projected distance
larger than 1.5 Mpc to the nearest galaxy more massive
than 0.5 dex, and a fifth nearest neighbor surface density
ΣN < 1 Mpc
−2. After restricting the galaxies from the
NSA catalog to isolated galaxies only, we obtain 36708
isolated galaxies, of which 28621 are high-mass and 8074
are low-mass.
2.2. H I Observations
2.2.1. Our H I Observations
We have obtained new observations of 30 galaxies us-
ing the Arecibo Observatory between March of 2015 and
January of 2017. The 21-cm observations used the same
configuration detailed in Paper I: L-band Wide receiver
using 1024 resolution channels with a bandwidth of 12.5
MHz and a velocity resolution of 2.6 km s−1. Position
switched ON/ OFF observing and ON/OFF noise-diode
calibration was used. Our deeper integration times run
from 5 to 60 minutes on-source, with an average integra-
tion time of 16 minutes. We integrate until a detection
has been made or we reach an on-source exposure time
of 30 minutes (although in a few cases the exposure time
is less due to observing constraints).
2 http://www.nsatlas.org
For this work, we re-reduce all H I data from Paper I
and our new data in order to co-add all spectra from the
same receiver configuration and to maximize the number
of usable observations. Most of the observations from
Paper I focus on isolated galaxies with log M∗/M < 9
and a Sersic axis ratio less than 0.65 in order to obtain
accurate kinematics from H I line-widths. Our new obser-
vations focus mostly on the Reines et al. (2013) “dwarf”
galaxy sample with signs of AGN activity. We have up-
dated the Paper I H I measurement algorithm to salvage
more noise-only spectra and spectra with unstable base-
lines outside of the spectral window of interest. The most
significant update to this algorithm is an adaptive Han-
ning smoothing length (between 2.5 and 10 km/s) to op-
timize the measured emission line parameters. Uncer-
tainties in the properties of the H I emission line are cal-
culated through the same bootstrap process as described
in Paper I.
We calculate upper limits for 65 non-detections in
this H I sample. Non-detections are identified using a
smoothed S/N cutoff below 6 and verified by eye. For
each non-detection, we estimate the the H I 20% line-
width using the stellar Tully-Fisher relation from Brad-
ford et al. (2016) and de-project this velocity based on
the optical inclination. We then calculate the expected
MH I using the stellar mass-to-gas mass relation in Pa-
per I and convert this gas mass to H I flux. The specific
relationship between M∗ and MH I we use does not affect
our results, as the upper limits are always significantly
less than the predicted MH I from this relation. We cre-
ate a synthetic Gaussian emission line with this H I line
width and integrated flux. We measure the rms of the
observation using the un-smoothed spectrum. We then
iterate over this fiducial signal, add in a random noise re-
alization, and Hanning smooth this synthetic spectrum
to a resolution of 10 km s−1. For each noise realiza-
tion, we decrease the integrated flux of the synthetic
spectrum until we reach the smoothed S/N cutoff of 6.
When the S/N drops below 6, we perform 1000 additional
noise realizations using this final synthetic emission line.
The median integrated flux of these random realizations
where the S/N is less than 6 is the final upper limit.
We detail our new H I observations, detections and
non-detections, in Table 1. All of these galaxies have
emission line measurements from Reines & Volonteri
(2015), which are described in § 2.4. Note that some
of these galaxies are isolated and some are not. For the
duration of this work we will focus on isolated galaxies
only, but we list these non-isolated galaxies for clarity.
2.2.2. ALFALFA H I Data
We compliment the H I data described above with the
publicly available ALFALFA 70% catalog, a blind, drift-
scan survey (Haynes et al. 2011). We match sources in
the ALFALFA catalog using their optical centers with
“detcodes” of 1 and 2 to NSA catalog sources within
6” and where the difference between systemic velocities
is less than 75 km s−1. We discard any matches to the
ALFALFA detcode 2 sources where the S/N is less than 6.
For overlapping observations between our data and the
ALFALFA catalog, we adopt the error-weighted average
of the H I measurements.
For galaxies without a detection that fall within the
ALFALFA footprint, we calculate conservative upper
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4Fig. 1.— Top: The isolated MH I to M∗ relation of gas-rich galax-
ies. Only isolated galaxies with detections from the 70% ALFALFA
survey are plotted here as black contours and dots. The fit from
equation 2 is plotted as the solid curve and noted in the legend.
Bottom: H I mass residual (∆MH I < −1 dex) as a function of stel-
lar mass with the same symbols at the top panel. The ±1 dex (3σ)
residuals are shown as dashed lines.
limits by using the S/N calculation from Haynes et al.
(2011) to back out the predicted flux for a S/N of 6:
S21 =
6×W50 × σrms
w
1/2
smo
, (1)
with S21 the H I integrated flux density, W50 the 50%
H I line-width, wsmo = W50/∆Vsmooth[km/s], Vsmooth
is the resolution of the smoothed spectrum and σrms
the measured rms of the H I spectrum. For this case,
σrms = 2.3 mJy, which is the mean rms of the ALFALFA
survey. We then calculate the H I line widths using the
stellar Tully-Fisher relation from Bradford et al. (2016)
and upper limits as described in § 2.2.1.
While we are not guaranteed that this approach ac-
curately represents the upper limits of these galaxies, we
find that these upper limits match the ALFALFA Spaen-
hauer diagram (MH I versus heliocentric distance) and
the H I profile width versus integrated flux density rela-
tions from ALFALFA (Figures 3 and 12 in Haynes et al.
(2011). These results have motivated us to proceed with
these upper limits serving purely as a reference for our
primary analysis.
2.3. The Isolated MH I to M∗ Relation
The observed cold gas content of galaxies is closely re-
lated to their stellar mass, galaxy color, and stellar sur-
face density (e.g., Catinella et al. 2010; Huang et al. 2012,
Paper I). The baryon content of isolated low-mass galax-
ies is often dominated by cold gas, likely because galaxy
formation is inefficient at low masses (Roychowdhury
et al. 2014). A break in the relation between MH I and
M∗ occurs near log M∗ = 9.0, where the gas fraction in-
creases to more than 90% at the lowest stellar masses. In
Paper I, we fit a broken power law to the Mgas = 1.4MH I
to M∗ relation with a break at log M∗ = 8.6. In this work
however, we find that an arctangent function provides a
better fit simultaneously to the high and low-mass ends
of the MH I to M∗ relation while maintaining the break
between high and low M∗ regimes. This function is not
physically motivated but offers a better fit to the locus of
the distribution in MH I at fixed M∗ than a simple broken
power-law.
We fit the relation only to the isolated galaxies selected
from the NSA catalog that have ALFALFA H I data. The
relation is measured with ALFALFA data only because
of homogeneity and the survey’s well-studied complete-
ness and detection limits (Haynes et al. 2011, § 6). We
use only isolated galaxies to minimize the effects of envi-
ronmental gas-depletion processes on this relationship.
To perform the fit, we bin the data in stellar mass and
then fit to the weighted medians of the distribution of
MH I in each stellar mass bin. Because the distribution
of MH I as a function of stellar mass is log-normal with
the tail of the distribution trending to smaller MH I, this
fitting method removes any spurious trends in the resid-
uals in this relation, which is critical for our analysis
below. We measure the following relation:
log MH I/M = 9.2 tan−1(5.3 + log M∗/M)− 2.7. (2)
We calculate the residuals from the MH I to M∗ relation
for both the ALFLFA sample and our H I data as,
∆MH I = log MHI,observed/MHI,expected. (3)
We add 0.1 dex in quadrature to all H I residual uncer-
tainties and upper limits due to the uncertainty in the
fit.
We present the relation between MH I and M∗ in the
top panel of Figure 1 for isolated galaxies with ALFALFA
data and the residuals (∆MH I) between the observed
MH I and the predicted MH I in the bottom panel. Equa-
tion 2 is plotted as the solid curve. The dashed lines
in the bottom panel are ±1 dex from the relation, which
roughly corresponds to the 3σ scatter. We use the−1 dex
residual as a reference point throughout the paper as an
arbitrary line of demarcation.
2.4. Emission Line Measurements
Optical emission line flux ratio diagnostics are often
used to differentiate between various physical phenom-
ena that ionize the interstellar medium of galaxies (Bald-
win et al. 1981; Veilleux & Osterbrock 1987). Differ-
entiating between excitation sources (actively accreting
black holes, star formation, shocks from AGB stars, etc.)
depends on the ionization mechanism strength. Reines
& Volonteri (2015) measure emission line strengths of
6˜7,000 galaxies selected from the NSA catalog. The au-
thors cull the spectral catalog with a S/N cutoff of 3
and an equivalent width cutoff of 1 for the Hα, [N II],
[O III] emission lines and a S/N cutoff of 2 for the Hβ
line. They iteratively subtract continuum and absorption
lines using the models of Tremonti et al. (2004) from the
observed spectrum, carefully masking out the emission
5Fig. 2.— [O III]/Hβ versus [N II]/Hα emission line diagnostics
BPT diagram with data from Reines & Volonteri (2015), regardless
of whether the galaxy has H I data or not. The dotted line is
the Kewley et al. (2001) demarcation line, the dashed line is the
Kauffmann et al. (2003) demarcation line and the solid line marks
the Kewley et al. (2013) star-forming main sequence. Galaxies are
color-coded by the perpendicular distance from the star-forming
region as shown in the color bar.
lines. Next, a one- or two-component Gaussian is fit to
the [S II] doublet and used as a template for the remain-
ing emission lines of interest, excluding [O III]. We use
the dataset from this study without any modifications.
2.5. BPT emission line Diagnostics
We examine the emission line diagnostics of all galax-
ies from Reines & Volonteri (2015), regardless of envi-
ronment or H I data using the [O III]/Hβ and [N II]/Hα
narrow-line BPT diagram (Baldwin et al. 1981; Veilleux
& Osterbrock 1987; Kewley et al. 2006). We adopt the
division into the star-forming, composite, and AGN cat-
egorization that has been performed by Reines & Volon-
teri (2015) using the Kewley et al. (2001) and Kauffmann
et al. (2003) categorization. The Kewley et al. (2001) de-
marcation line represents the division between a theoreti-
cal maximal starburst model and emission that can only
be explained by AGN activity. The Kauffmann et al.
(2003) demarcation line is an empirical separation be-
tween the star forming sequence and the AGN sequence.
Galaxies below the Kauffmann et al. (2003) line are con-
sidered to be purely star forming and galaxies above the
Kewley et al. (2001) line are considered Seyferts and LIN-
ERs. The region between these two demarcation lines are
defined as composite spectra with both star formation
and AGN emission.
Galaxies are commonly categorized using these divi-
sions in BPT space. This classification scheme has been
calibrated with galaxies more massive than the Reines
et al. (2013) sample. For low mass galaxies where AGN
emission is weaker and may be more difficult to disentan-
gle from star formation emission, it is unclear where the
standard definitions are effective. Lower mass galaxies
are also, on average, more metal-poor which will affect
the measured line ratios. To further compound this prob-
lem, the ratio of emission from star formation to AGN
activity is a strong function of the spatial resolution of
the observations - where single fiber observations can cre-
ate aperture bias (e.g., Sharp & Bland-Hawthorn 2010;
Pracy et al. 2014; Gomes et al. 2016). The mean fraction
of the surface area covered by the SDSS fiber compared to
the 50% Petrosian radii is 22% and 32% for isolated high
and low-mass galaxies, respectively. We expect smaller,
less massive galaxies with AGN emission to shift towards
the composite or possibly the star-forming region of the
BPT diagram. Thus emission-line categories may signif-
icantly limit our analysis.
It is therefore enlightening to examine galaxy proper-
ties relative to position on a BPT diagram as opposed
to categorizations (e.g., Kewley et al. 2001; Kauffmann
et al. 2003; Kewley et al. 2013; Zhu & Wu 2015). For ex-
ample, Kauffmann et al. (2003) examine the [O III]/Hβ
and [N II]/Hα narrow-line BPT space by defining a dis-
tance and an angle from a point where the star-forming
sequence meets the plume of galaxies with AGN emis-
sion. They find that [O III] luminosity, a measure of AGN
strength, does not increase with distance from this point,
while [O III] luminosity decreases sharply at a character-
istic angle.
We measure the perpendicular distance from the star-
forming sequence of the [O III]/Hβ and [N II]/Hα BPT di-
agram as defined by Kewley et al. (2013) for each galaxy.
The position of the Kewley et al. (2013) fit is determined
by local SDSS star-forming galaxies while the shape of
the curve is based on data from their photoionization
models (see their Figure 1),
log
(
[OIII]
Hβ
)
=
0.61
log([NII]/Hα) + 0.08
+ 1.1. (4)
For each galaxy, we define dBPT as the minimum perpen-
dicular distance of each galaxy to equation 4. In Figure 2,
we present the [O III]]/Hβ versus [N II]/Hα emission line
diagnostic BPT diagram. The data are color-coded by
their distance from the star-forming sequence as defined
above in equation 4. This figure includes every galaxy
with BPT data, regardless of whether or not there exists
H I data.
2.6. Final Sample Description
For the remainder of this work, we focus on a galaxy
sample defined by the following criteria:
1. Galaxies selected from the NSA catalog passing the
quality cuts from Paper I. The NSA includes galax-
ies in the redshift range 0.002 < z < 0.055.
2. Galaxies are isolated given the criteria for low-mass
and high-mass galaxies given in § 2.1.
3. Galaxies have H I observations from Paper I, our
H I dataset or from the ALFALFA 70% catalog.
4. Galaxies have well-measured emission line ratios
from Reines & Volonteri (2015).
The sample defined by combining the above criteria is
not complete, but does fully sample the BPT diagram.
This final data set consists of 2855 isolated galaxies with
H I and BPT data, 867 of which we refer to as ’low-mass’
(log M∗/M < 9.5).
6Fig. 3.— Top: The residual (∆MH I) in expected MH I verses the observed MH I as a function of the perpendicular distance from the
BPT star-forming sequence defined in equation 4 for isolated, high-mass galaxies with log M∗/M > 9.5. Our observations are shown as
black dots and our upper limits are shown as downward-pointing arrows. ALFALFA observations are shown as grey dots and contours. The
color bar corresponds to the dBPT as in Figure 2. The star-forming, composite, and AGN labels on the color bar represent the hard cutoff
regions in the [O III]/Hβ versus [N II]/Hα emission line diagnostics BPT diagram as defined by Kauffmann et al. (2003) and Kewley et al.
(2004). Dashed horizontal and vertical lines mark the zeros of both axes. The additional horizontal lines at ±1 dex represent the 3σ scatter
in the fitted relation in MH I versus M∗ as in the bottom panel of Figure 1. Bottom: The same as the top panel but for isolated low-mass
galaxies with log M∗/M < 9.5. In this stellar mass regime, we identify 9 gas-depleted galaxies in the isolated sample with intermediate
BPT distances. We also identify a sample of gas-normal galaxies that have been detected in H I at similar dBPT as the gas-depleted sample.
We do not include the non-detections in the intermediate region in our analysis.
3. RESULTS
3.1. H I Residuals as a Function of BPT Distance
In Figure 3, we present isolated galaxies with both
BPT and H I data. We divide this sample at
log M∗/M = 9.5, as shown in the top and bottom pan-
els. In this figure, we examine the MH I residual (∆MH I)
as a function of distance from the BPT star-forming se-
quence (dBPT). ALFALFA detections are shown as grey
points and contours. The H I data from Paper I and
7our deeper observations are shown as black dots for de-
tections and downward pointing arrows for upper lim-
its. The color bar corresponds to dBPT values as in
Figure 2. The star-forming, composite, and AGN re-
gions, as defined by Kewley et al. (2001) and Kauffmann
et al. (2003), are labeled in the color bar at the median
positions of the dBPT distributions of the entire sam-
ple for each of the three categories. These labels are
only meant to act as a guide. The ±3σ scatter in the
H I residual, ∆MH I ± − 1 dex, is shown as horizontal
dashed lines. Galaxies with ∆MH I < −1 dex are plot-
ted with error bars. Given the conservative ALFALFA
upper limit estimates from § 2.2.2, we would not expect
ALFALFA to detect a significant number of galaxies be-
low the ∆MH I = −1 dex line.
The high-mass galaxy sample in the top panel of Figure
3 shows no trend in MH I as a function of dBPT. While
this is certainly an incomplete H I sample due to the flux-
limited nature of the ALFALFA survey, we can safely
assume the incompleteness is the same for all galaxies
across the entire BPT diagram because dBPT is not de-
pendent on heliocentric distance. This lack of a trend
supports previous studies (see § 1) suggesting that the
global H I content of high-mass galaxies is not signifi-
cantly affected by AGN activity.
The low-mass galaxy sample is shown in the bottom
panel of Figure 3. This sample suffers from the same H I
incompleteness as the high-mass sample but, as in the
high-mass case, we do not expect this incompleteness to
be a function of dBPT. The peak in the distribution of
BPT distances is offset by −0.05 dex from the locus of
the star-forming sequence. This offset is likely due to the
fact that low-mass galaxies are metal-poor compared to
massive galaxies (see Kewley et al. (2013) equation 4).
Since the star-forming population of low mass galaxies is
offset relative to the typical AGN demarcation lines, this
further motivates our decision to examine galaxies are a
function of BPT distance (dBPT).
In the low-mass regime, we have followed-up many
galaxies with deeper H I data from Paper I. In the star-
forming region, we have randomly sampled this popula-
tion and do not observe any star-forming galaxies with
∆MH I < −1 dex despite these deeper observations. In-
deed, given the results from Paper I, we expect cold gas
fractions greater than 20% for all isolated galaxies with
7.0 < log M∗/M < 9.5. However our deeper H I ob-
servations, do uncover a population of galaxies at inter-
mediate BPT distances where dBPT > 0.11 dex and H I
upper limits ∆MH I < −1 dex. These galaxies are “gas-
depleted” relative to galaxies in the same stellar mass
range by an order of magnitude and they are inconsistent
with the H I distribution of the star-forming population.
This gas-depleted galaxy sample with ∆MH I < −1 dex
may be indicative of an ionizing process other than star-
formation that is depleting the ISM of H I.
In the same intermediate region of BPT distances
where dBPT > 0.11 dex, we also find low-mass galaxies
that are “gas-normal”. These gas-normal galaxies have
H I gas masses that are consistent both with the star-
forming population and with galaxies in the same stellar
mass range. This implies that whatever is causing these
strong emission line ratios does not always significantly
deplete the global H I mass.
3.2. Isolated Low-Mass Galaxies at Intermediate BPT
Distances
We find a set of gas-depleted, isolated, low-mass
(log M∗/M = 9.5) galaxies with signs of AGN activ-
ity. We next compare the gas-depleted galaxies at large
dBPT to the gas-normal galaxies in the same dBPT regime
in order to explore the nature of the ionizing power
source. We also compare the properties of both the gas-
depleted sample and the gas-normal sample to a stellar-
mass matched sample of isolated galaxies.
In other to further understand the source of ionization
in our large dBPT galaxies, we examine additional line di-
agnostics. Active galaxies are often split into Seyfert and
LINERs using the the [O III]/Hβ and [S II]/Hα narrow-
line BPT diagram (Heckman 1980). While Seyfert emis-
sion is associated with accretion onto a black hole,
LINER emission is more ambiguous, having been de-
tected outside the nucleus of many galaxies. Kewley
et al. (2006) identify a separation [S II]/Hα vs [O III]/Hβ
BPT space between Seyfert and LINER emission.
In Figure 4, we present the [O III]/Hβ and [S II]/Hα
narrow-line diagram in the left panel and revisit the
[O III]/Hβ and [N II]/Hα BPT diagram in the right
panel. All galaxies with emission line data are plotted as
black points and contours. The gas-depleted, isolated,
low-mass sample is shown as red, downward-pointing
triangles and the gas-normal, isolated, low-mass sam-
ple is shown as blue triangles (see § 3.1). In the left
panel, the Kewley et al. (2006) demarcation curve sepa-
rates Seyferts and LINERs from the HII region and the
straight line splits the active galaxies into Seyferts and
LINER branches, as labeled.
In the left panel of Figure 4, the majority of the gas-
depleted and the gas-normal samples lie above and along
the extreme starburst curve of Kewley et al. (2001, 2006).
Both samples are therefore largely inconsistent with the
star-forming galaxies. The gas-depleted sample above
the curve is split between the Seyfert and LINER re-
gions, while the gas-normal sample is mostly LINER-like.
Figure 4 provides further evidence that the emission line
measurements of the majority of the gas-depleted sample
and a fraction of the galaxies in the gas-normal sample
are partially due to ionization processes other than star
formation (see further discussion in § 4).
In order to further disentangle the source of the emis-
sion line ratios and the relationship of these processes to
the global H I content of these galaxies, we examine the
galaxy properties of the two samples. In Figure 5, we
present SDSS images of the gas-depleted sample. The
identifications used in each figure are the NSAIDs from
version 0.1.2 of the NSA catalog. The SDSS fiber posi-
tions and sizes are plotted as red circles on each galaxy
image. The heliocentric distances are noted in each im-
age. All of the gas-depleted galaxies have similar vi-
sual properties (red, compact and nucleated) aside from
35979 and 68105 which are red yet more prolate in their
respective orientations than the rest of the gas-depleted
sample. The SDSS fiber covers a significant fraction of
these galaxies’ projected areas and these galaxies’ spec-
tra may contain a significant amount of contamination
from emission outside of the galaxy centers (see § 3.1).
In Figure 6, we present images of the gas-normal sam-
ple. This sample is diverse in galaxy properties rela-
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9Fig. 4.— Left: The [O III]/Hβ and [S II]/Hα narrow-line diagram. All galaxies with BPT data are plotted as black points and contours.
The gas-depleted, isolated, low-mass sample is shown as red, downward-pointing triangles and the gas-normal, isolated, low-mass sample
is shown as blue triangles (see § 3.1). The Kewley et al. (2006) demarcation between Seyferts and LINERs as well as their separation from
the HII region are shown as the green line and curve, respectively. The majority of gas-depleted galaxies are found above the Kewley et al.
(2006) demarcation line in both the Seyfert and the LINER regions. The gas-normal sample is similarly distributed, but trends towards
the LINER region. The distribution of the two samples support the conclusion that the emission line ratios are due to ionization processes
other than star formation. Right: The [O III]/Hβvs [N II]/Hα BPT diagram. Data and symbols are the same as in the left panel. Curves
are those defined as in Figure 2. Note that many of the gas-normal galaxies are located above the locus of the star-forming region but are
categorized as “star-forming” using the standard BPT classification scheme. 7 of the 9 gas-depleted galaxies are considered composites, 1
is star-forming and 1 is considered an AGN.
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Fig. 5.— SDSS images of gas-depleted, low-mass, isolated galaxies at large BPT distances. The NSAID is noted in the top right of each
image. The SDSS fiber position and angular size on the galaxy is shown as a red circle. The heliocentric distance of each galaxy is noted
below each NSAID. These gas-depleted galaxies are all red, compact and nucleated. 35979 and 68105 are red, but prolate. These galaxies
are visually inconsistent with typical star-forming galaxies.
tive to the gas-depleted sample. Objects 56919, 74744,
106991 and 114208 are similar in appearance to the gas-
depleted population and the SDSS fiber again covers
a significant fraction of these galaxies. The remaining
galaxies tend to be blue and more diffuse with some signs
of spiral structure and larger sizes than the SDSS fiber.
For many of these galaxies there are visual signs of both
diffuse and concentrated star formation regions.
In Figure 7, we examine the distributions of g-r colors,
NUV-r colors, effective radius, Sersic´ index, Dn4000, and
Hα equivalent width of both the gas-normal and the gas-
depleted low-mass samples relative to all isolated galaxies
in the NSA catalog within the same stellar mass range
(with 9.2 < log M∗/M < 9.5). The gas-normal sample
is shown as upward pointing triangles, color-coded by
∆MH I. The gas-depleted sample is shown as downward
pointing triangles, also color-coded by ∆MH I. Isolated
galaxies from the NSA catalog, excluding the two sam-
ples of interest, are shown as grey histograms in each
panel regardless of whether BPT or H I data exists. The
median of each distribution is shown as a vertical dashed
line. We present these and other relevant properties of
the gas-depleted and gas-normal galaxy samples in Table
2.
Confirming our visual analysis, the distribution of the
gas-depleted sample properties is inconsistent with being
drawn from the overall star-forming population. For each
property shown in Figure 7, we test the null hypothesis
that the gas-depleted/gas-normal sample and the full iso-
lated sample of galaxies in the same stellar mass range
are drawn from the same underlying population. We use
a variation of the Student’s t-test without the assump-
tion that the variances of the two populations are equal.
The gas-depleted galaxies are not drawn from the same
distribution as the overall population with greater 95%
confidence for all 6 properties shown in Figure 7. For
the gas-normal population, the distributions are consis-
tent (that is, we cannot reject the null hypothesis that
they are drawn from different underlying populations).
We also examine [O III] luminosity in the same fashion
as above (not shown). Both the gas-normal and gas-
depleted samples are consistent with the general distri-
bution of [O III] luminosity. However, the general dis-
tribution become restricted to galaxies that have emis-
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Fig. 6.— Same as in Figure 5 but for the gas-normal low-mass isolated galaxies at large BPT distances. This galaxy population is much
more diverse than the gas-depleted sample. Many galaxies are blue and diffuse with some signs of structure and star formation and the
SDSS fiber covers a small fraction of these galaxies. 56919, 74744, 106991 and 114208 are all visually similar to the gas-depleted sample.
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Fig. 7.— Distribution of gas-depleted and gas-normal isolated galaxies relative to the distribution of all isolated galaxies in the cleaned
NSA catalog within the stellar mass range 9.2 < log M∗/M < 9.5. The median of each distribution is shown as a vertical dashed line. Gas-
depleted, isolated, low-mass galaxies are identified as downward pointing triangles. Gas-normal, isolated, low-mass galaxies are identified
as upward pointing triangles. Both sets of galaxies are color-coded according to their H I mass residual as noted in the color bar. The
grey histogram is that of all isolated NSA galaxies within the stellar mass range of the isolated low-mass gas-depleted sample regardless
of whether BPT or H I data exist and does not include the gas-depleted or the gas-normal samples. From the top left panel, moving left
to right and downward are the g-r colors, NUV-r colors, effective radii, Sersic´ index, Dn4000 and Hα equivalent widths. Note that we also
examine [O III] luminosity (not shown) and both samples are consistent with the general distribution.
sion line measurements from Reines & Volonteri (2015).
Kauffmann et al. (2003) also do not find that [O III] lumi-
nosity changes as a function of a galaxy’s distance from
locus of the star-forming BPT region.
4. DISCUSSION
We find a set of galaxies with 9.2 < log M∗/M <
9.5 that are both isolated and gas-poor. These galax-
ies are located primarily in the composite region of
the [O III]/Hβ versus [N II]/Hα BPT diagram and the
LINER/Seyfert regions of the [O III]/Hβ and [S II]/Hα
BPT diagram. These gas-depleted galaxies are also com-
pact and red with older stellar populations and no obvi-
ous signs of star formation.
This result is surprising because isolated galaxies in
this mass range are generally gas-rich, diffuse, blue and
show ongoing star formation. Indeed, Geha et al. (2012)
find that less than 2% of isolated galaxies with 9.2 <
log M∗/M < 9.5 are quiescent. If these galaxies are
truly not forming stars, they are extremely rare cases of
quenched, low-mass galaxies in isolation. Here we ex-
plore the possible physical processes behind the emission
line ratios and what may have removed the gas from these
galaxies. We note that these galaxies are defined as at
least 1.5 Mpc from any massive galaxy, such that the
usual environmental processes which dominate in group
and cluster environments are unlikely to be active.
A straightforward interpretation is that these galaxies
are depleted of H I because of AGN feedback. In this sce-
nario, the line ratios that we observe are excited by accre-
tion onto the central black hole, and energy from accre-
tion has successfully coupled to the gas in the galaxy on
large scales and removed and/or destroyed the gas in the
galaxy. Accretion energy is observed to drive large scale
outflows in molecular (e.g., Alatalo et al. 2011; Veilleux
et al. 2013), warm ionized (e.g., Liu et al. 2013; Harri-
son et al. 2012), and hot (warm absorbers, BALs) gas
(e.g., Crenshaw et al. 2003; Reeves et al. 2009). The en-
ergy may couple to the gas via radiation pressure on dust
(e.g., Thompson et al. 2005), via thermal heating (e.g.,
Weinberger et al. 2016) or via input of kinetic energy
(e.g., Choi et al. 2012).
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Many of the gas-normal and gas-depleted galaxies are
classified as LINERs. While LINER emission in massive
galaxies has been directly linked with black hole accre-
tion, there are many instances of off-nuclear LINERs (see
Ho (2008) and references therein). Even in cases with
unambiguous signs of accretion, it is not clear that the
AGN provide sufficient photons to photoionize the gas
(Eracleous et al. 2010; Yan & Blanton 2012). A number
of photoionization sources may explain the observed line
ratios. Shocks and post-AGB (pAGB) stars are possible
sources of excitation for the gas. In the case of pAGB
stars, we would expect Hα equivalent widths less than
3A˚ if pAGB stars are causing a diffuse stellar emission
(Binette et al. 1994; Belfiore et al. 2016, 2015). The Hα
equivalent width distribution suggests that the majority
of the line emission cannot be excited by pAGB stars,
leaving shocks or AGN as the most viable options.
If AGN activity is not responsible for heating or remov-
ing the cold gas, perhaps the compact structure of the
gas-depleted galaxies provides a clue to their nature. Star
formation may have been extremely bursty and destroyed
or otherwise consumed the cold gas. Compact galaxies
can indeed experience extreme outflows caused by com-
pact stellar feedback (Diamond-Stanic et al. 2012). If
most of the star-forming cold gas has been removed, we
may be seeing the remaining shocked gas from the out-
flows. This scenario could explain both the gas depletion
and the line ratios without invoking an AGN. The three
compact, gas-normal galaxies at large BPT distances will
be interesting to study for signs of higher star-formation
rates or larger outflow velocities than their more diffuse
counterparts. Finally, higher spatial resolution imag-
ing and spectroscopy of both the star-forming and gas-
depleted compact galaxies would be enlightening, to de-
termine whether they have a diffuse disk component or
central point source.
5. SUMMARY
In this work, we study the H I masses of galaxies with
signs of AGN activity as measured by optical emission
lines. We compile a catalog of isolated galaxies with
optical emission lines measured from SDSS DR8 spec-
tra and single-dish H I observations both from the AL-
FALFA 70% data release and from Paper I. We obtain
new, deeper H I observations with a focus on isolated,
low-mass galaxies selected from the Reines et al. (2013)
“dwarf” galaxy sample with signs of AGN activity. We
measure a new M∗-MH I relation using ALFALFA 70%
data as in Equation 2. We also measure the distance of
each galaxy with [O III]/Hβ and [N II]/Hα data from the
Baldwin Phillips Terlevich (BPT) star-forming sequence
(dBPT). We use this distance as a measurement of AGN
activity strength and compare MH I as a function of dBPT.
Our results are summarized as follows:
1. We identify a set of isolated, low-mass galaxies with
log M∗/M < 9.5 and dBPT > 0.11 dex that is
significantly gas-depleted.
2. 7 of the 9 gas-depleted galaxies are located above
the H II demarcation line of Kewley et al. (2006) on
the [O III]/Hβ and [S II]/Hα diagram, 3 of which
are categorized as LINERs and 4 as Seyferts.
3. The gas-depleted, low-mass, isolated galaxies with
large dBPT are red and compact with old stellar
populations and no distinguishable signs of star
formation. The property distributions of the gas-
depleted sample are inconsistent with the general
population of isolated galaxies in the same stellar
mass range.
4. We compare the gas-depleted sample to a popula-
tion of 15 gas-normal, low-mass, isolated galaxies
with large dBPT. This sample consists primarily
of star-forming, late-type galaxies. The majority
of these galaxies are consistent with the general
population of isolated galaxies in the same stel-
lar mass range. However, we find 3 gas-normal
galaxies with similar visual and structural prop-
erties as the gas-depleted population. We find a
similar fraction of these gas-normal galaxies in the
LINER and Seyfert regions on the [O III]/Hβ and
[S II]/Hα BPT diagram as the gas-depleted sample.
Because these galaxies are very isolated (more distance
than 1.5 Mpc from a more massive neighbor), environ-
mental process cannot explain the emission line ratios or
H I masses in the gas-depleted sample. We suggest two
possibilities below.
In the first case, the energy from black hole accretion
successfully couples to the cold gas and causes both the
emission lines and the depletion of H I. The combination
of deep radio and X-ray data would be useful to test
the nature of these sources. As far as we are aware, no
observations in radio continuum or X-ray exist for these
galaxies.
In the second case, the compact structural properties
of the gas-depleted sample may indicate a much more
efficient and energetic star formation history than other
galaxies in the same stellar mass regime. It could be that
the shocks from this star formation generated the emis-
sion lines and removed the cold gas from these galaxies.
Deeper imaging and resolved spectroscopy may help ex-
amine the nature of these compact galaxies. Star forma-
tion histories for both the gas-normal and gas-depleted
compact galaxies would also help us determine the na-
ture of these galaxies.
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